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Explaining racial disparities in mortality after
abdominal aortic aneurysm repair
Nicholas H. Osborne, MD, Gilbert R. Upchurch Jr, MD, Amit K. Mathur, MD, and
Justin B. Dimick, MD, MPH, Ann Arbor, Mich
Background: Black patients have a higher mortality rate than nonblacks after abdominal aortic aneurysm repair. We
sought to understand the factors responsible for this racial disparity in the mortality rate after aneurysm repair.
Methods: The Medicare database (2001-2006) was used to identify 160,785 patients undergoing open and endovascular
abdominal aortic aneurysm repairs. We used risk-adjusted mortality as our primary measure of quality and logistic
regression to determine the relationship between race and mortality, sequentially adding contributing factors including
patient characteristics, the type of repair (endovascular vs open repair), socioeconomic status, and hospital quality. From
these sequential regression models, we estimated the proportion of the disparity that can be explained by each factor.
Results: Black patients had a 36% higher risk-adjusted mortality after aneurysm repair than nonblack patients (odds ratio
[OR], 1.36; 95% confidence interval [CI], 1.20-1.53). Even after accounting for the type of repair, a significant difference
in mortality remained (OR, 1.33; 95% CI, 1.18-1.50). Mortality rates were higher in hospitals treating a higher
proportion of black patients. Adjusting for these differences in hospital quality, this disparity was no longer significant
(OR, 1.07; 95% CI, 0.93-1.25). We estimate that 29% of the observed disparity in mortality is caused by patient
comorbidities, 6% from the use of endovascular repairs, 26% due to socioeconomic factors, and 25% because black patients
receive care in lower-quality hospitals.
Conclusions: Although many factors contribute, a large proportion of observed disparities in outcomes are attributable to
black patients receiving care in lower-quality hospitals. Efforts aimed at improving disparities must focus on improved
access to high-quality hospitals and improved resources at the hospitals that treat higher proportions of black patients.
(J Vasc Surg 2009;50:709-13.)Racial disparities in the outcomes of vascular disease are
increasingly apparent.1 Black patients have worse outcomes
across a wide range of vascular surgical procedures, includ-
ing carotid endarterectomy, peripheral artery bypass graft-
ing, and abdominal aortic aneurysm repair.2-8 In particular,
black patients have a significantly higher mortality rate after
abdominal aortic aneurysm (AAA) repair compared with
white patients.8 Although several studies have highlighted
the disparities in the treatment of vascular disease, little
effort has focused on understanding the mechanisms of
these disparities.
These differences in outcomes may be due to three
separate mechanisms:
First, black patients may receive care in hospitals with worse
outcomes (ie, segregation). This suggests that patients
treated in hospitals that care for predominantly black
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tals that treat more white patients. Recent studies have
suggested that black patients may receive care at hospi-
tals with fewer resources available to provide high-
quality care.9,10 Similarly, black patients may receive
care from lower-volume or lower-quality surgeons.
Given the lower incidence in aneurysmal disease, a
surgeon treating predominantly black patients may
have lower volume than other surgeons with a more
heterogenous practice. Previous research by Birkmeyer
et al11 has demonstrated that surgeon volume is an
important mediator of the relationship between hospi-
tal volume and death.
Second, black patients may have worse outcomes when
receiving care within the same hospitals as white pa-
tients. These differences in the treatment of black pa-
tients within the same hospitals could represent dis-
crimination.
Third, these disparities in outcomes could be due to differ-
ences in the biology and disease severity in black versus
white patients.
It is important to understand the mechanisms re-
sponsible for the existing disparities in vascular disease so
that we will be better equipped to intervene and make
policy decisions that could improve the care of all pa-
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responsible for this racial disparity in the mortality rate
after AAA repair. To determine which factors are driving
this racial variation in the mortality rate, we analyzed
Medicare claims data of patients who underwent AAA
repair from 2001-2006.
METHODS
Data source and population. We identified all non-
ruptured AAA repairs performed among Medicare benefi-
ciaries aged 65 years between January 2001 and Decem-
ber 2006 using the Medicare Provider Analysis and Review
(MEDPAR) claims data-file. All AAA repairs were identi-
fied using International Classification of Diseases, Ninth
Edition, Clinical Modification (ICD-9-CM) diagnostic
code for AAA and the procedure code for open or endo-
vascular AAA repair. Ruptured AAA repairs were excluded
using the appropriate ICD-9-CM diagnostic code. Race
and ethnicity were dichotomized as black or nonblack.
Procedures were classified as elective if the patients identi-
fied had an elective code for admission status. The primary
outcome measure was death, defined as 30-day or in-
hospital death.
Data analysis. Patient comorbidities and characteris-
tics were compared between black and nonblack patients
using 2 analyses for categoric variables and analysis of
variance for continuous variables. We compared the risk-
adjusted mortality rates after AAA repair between black and
nonblack patients using multivariate logistic regression,
controlling for patient risk factors including the interac-
tions of age, sex, and race, acuity of admission, comorbidi-
ties (using methods described by Elixhauser et al12), year of
admission, and type of repair (open vs endovascular). The
Elixhauser Index is a widely accepted method of adjusting
for patient comorbidities in administrative data that has
previously been validated in patients admitted with conges-
tive heart failure, diabetes mellitus, chronic renal failure,
stroke, and patients undergoing coronary artery bypass
grafting.13
We repeated this analysis to adjust for socioeconomic
status using a composite measure of neighborhood socio-
economic status based on the 2000 U.S. Census, as previ-
ously described by Birkmeyer et al.14 This composite mea-
sure includes three measures of wealth/income (median
household income, median value of housing units, and
proportion of households with interest, dividend, or rental
income), two measures of education (proportion of adult
residents completing high school and proportion of adult resi-
dents completing college), and one measure of occupation/
employment (proportion of employed residents with man-
agement, professional, and related occupations).14
We used two methods to determine whether black
patients receiving care at lower-quality hospitals can explain
the observed disparities in outcomes. First, we grouped
hospitals by the proportion of black patients treated for an
AAA, creating five equally sized groups (quintiles). The first
quintile contained zero black patients and was omitted
from the subsequent stratified analysis. We then deter-mined the risk-adjusted mortality rates using logistic re-
gression for blacks and nonblacks within each of the re-
maining four quintiles.
Second, we used fixed-effects regression models, using
hospital identifier variables, to adjust for the hospital in
which patients received their care. Fixed-effects hierarchical
modeling adjusts for hospital-level factors that affect mor-
tality of all patients, isolating the racial differences in mor-
tality within hospitals.15 We used fixed-effects hierarchical
modeling to assess the relationship between race and risk-
adjusted mortality after aneurysm surgery, adjusting for the
patient level factors and type of repair. If the racial disparity
in mortality is no longer significant after accounting for this
hospital-level variation, then the differences in mortality
can be assumed to arise from differences between hospitals.
To further understand the relative contribution of patient-
level factors, socioeconomic status, type of repair, and hos-
pital quality (between-hospital differences), we assessed the
degree to which each additional factor added to the models
affected the relationship between race and mortality. This
effect can be estimated by the relative change in the odds
ratio (OR) between the base model and subsequent model,
defined as [(OR1  OR2)/(OR1  1)], where OR1 is the
OR of risk-adjusted mortality for a patient of black race and
OR2 is the OR for a patient of black race after taking the
between-hospital differences.16
We conducted all statistical analyses using Stata 10
software (StataCorp LP, College Station, Tex). Signifi-
cance was established at P  .05.
RESULTS
AAA repairs were done in 68,494 patients (42%), of
which 6988 were black (4.3%). Black patients were slightly
younger and had significantly more comorbidities com-
pared with nonblack patients (Table I). Black patients were
Table I. Patient characteristics and comorbidities by race
Characteristic Black Nonblack P
Male, % 56.21 74.43 .001








COPD, % 26.85 35.89 .001





Uncomplicated 15.74 12.05 .001
Complicated 2.31 0.97 .001
Chronic renal failure, % 8.11 5.36 .001
Obesity, % 1.6 2.91 .001
Coagulopathy, % 7.34 5.47 .001
Weight loss, % 2.77 1.91 .001
Comorbidity 2, % 72.46 64.57 .001
COPD, Chronic obstructive pulmonary disease.significantly less likely to undergo an endovascular repair
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.001) and were more likely to undergo an emergency repair
than nonblack patients (31% vs 18%, P  .001).
The overall mortality rate for all patients was 4.6%.
Black patients had a 51% higher risk of death after AAA
repair than nonblack patients in the unadjusted analysis
(OR, 1.51; 95% confidence interval [CI], 1.37-1.66). After
controlling for patient comorbidities, black patients contin-
ued to be 36% more likely to die after an AAA repair (OR,
1.36; 95% CI, 1.20-1.53). Adjusting for the effect of the
type of repair (endovascular vs open) had a relatively minor
effect on this mortality rate: black patients continued to
remain 33% more likely to die (OR, 1.33; 95% CI, 1.18-
1.50). Controlling for neighborhood socioeconomic sta-
tus, black patients continued to have a significantly higher
mortality, with a 21% higher risk of dying (OR, 1.21; 95%
CI, 1.06-1.37). We estimate that 29% of the disparity in
mortality can be explained by patient comorbidities, 6%
of the disparity is due to endovascular repairs, and 26% is
due to the effect of neighborhood socioeconomic status
(Table II).
When hospitals are stratified by the proportion of black
patients treated, there is significant segregation of black
patients. The proportion of black patients treated in hospi-
tals varied from as low as 0% in the lowest quintile to 64% in
the highest quintile (Fig 1). The lowest quintile was not
included in the stratified analysis. Figure 2 demonstrates
the mortality rates for black and nonblack patients in hos-
pitals stratified by the proportion of black patients treated.
Among all hospitals, nonblack patients had similar mortal-
ity rates. In contrast, black patients treated in hospitals with
a higher proportion of black patients had higher mortality
rates than black patients treated in hospitals with a lower
proportion of black patients. Differences in mortality be-
tween black and nonblack patients within hospitals also
appeared to increase as the proportion of black patients
increased. In the hospitals treating the highest proportion
of black patients, black patients had a 19% higher chance of
death compared with nonblack patients (OR, 1.19; 95%
CI, 1.01-1.40).
After adjusting for the differences in hospital quality,
the effect of race on mortality was no longer statistically
Table II. Mortality of black patients relative to nonblack
patients a




Unadjusted 1.51 (1.37-1.66) ...
Adjusted for ...
Patient factors 1.36 (1.20-1.53) 29
Endovascular repair 1.33 (1.18-1.50) 6
Socioeconomic status 1.21 (1.06-1.37) 26
Hospital quality 1.07 (0.93-1.25) 25
CI, Confidence interval; OR, odds ratio.
aData derived from the National Inpatient Sample, 2001-2006.significant (OR, 1.07; 95% CI, 0.93-1.25). We estimatethat 25% of the observed black/nonblack disparity in mor-
tality is due to black patients receiving care in hospitals with
higher mortality (Table II).
DISCUSSION
Black patients have a significantly higher mortality rate
after repair of an AAA. These racial disparities can be
partially explained by differences in comorbidities, the use
of endovascular techniques, and socioeconomic status.
However, racial differences in mortality are also driven by
decreased access to low-mortality, high-quality hospitals.
Differences in access to care can explain 25% of the ob-
served disparities between black and nonblack patients.
Previous studies have addressed minority access to
high-quality surgical care. Lucas et al8 demonstrated that
black patients requiring high-risk surgical care, including
AAA repairs, sought care in hospitals with higher mortality,
independent of hospital volume. Black patients are also
more likely to receive care in a relatively small number of
Fig 1. Hospitals stratified by the proportion of black patients
treated (2001-2006).
Fig 2. Risk-adjusted 30-day mortality among nonblack and black
patients in hospitals stratified by the proportion of black patients
(2001-2006).lower-quality centers, are less likely to be treated by board-
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to medical technology.9 Similarly, Birkmeyer et al11 dem-
onstrated that surgeon volume may account for as much as
57% of the differences in mortality after AAA repairs be-
tween low- and high-volume hospitals.
These findings suggest that the racial disparities in AAA
postoperative mortality may be driven by suboptimal health
care delivery in under-performing systems of care. These
systems of care may include differences in hospital infra-
structure, processes of care, use of endovascular technol-
ogy, surgeon volume, and nursing/patient ratios. Our
study adds to this body of work by exploring the relative
contributions of different factors to this disparity in out-
come. Our analysis demonstrates that 29% of the disparity
in mortality is due to differences in comorbidities, 26% to
differences in socioeconomic status, and 25% is explained
by black patients receiving care in worse hospitals.
There are two potential methods for addressing this
disparity in access to high-quality hospitals. First, selective
referral of patients with AAA to centers of excellence could
potentially improve outcomes for black patients; however,
these benefits must be weighed against the potential barri-
ers to black patients. Selective referral may not be a feasible
option due to geography and socioeconomics. Selective
referral could potentially exacerbate these disparities should
black patients have decreased access to these higher-quality
facilities.
Second, quality improvement initiatives targeting low-
quality centers, such as disseminating best practices in
vascular surgery, may improve racial/ethnic disparities in
postoperative mortality. Because most black patients re-
ceive care in a relatively small number of hospitals,17 tar-
geting these hospitals for quality improvement may be the
most efficient method of improving the care of black pa-
tients.
Although the disparity in mortality can be partially
explained by differences in access to high-quality hospitals,
black patients may also receive worse care within the same
hospitals. This study demonstrated a trend toward worse
outcomes among black patients treated in the same hospi-
tals as nonblack patients, raising the concern that patients
may be treated differently within hospitals.
Still unexplained are 14% of the differences in mortality
between black and nonblack patients. This residual varia-
tion in mortality could be due to unmeasured factors,
including differences in the care of black patients within
hospitals. These differences could be due to unmeasured
differences in patient comorbidities and biology or severity
of the AAA. Although we have controlled for differences in
measured comorbidities, no data are available to account
for differences in anatomy or severity of disease. Medicare
claims data do not include any information on radiographic
characteristics of aneurysms or suprarenal or pararenal
clamping. Unfortunately, there is no potential data source
available that would meet these requirements. Because we
have no data to suggest that black patients present with
more suprarenal aneurysms, this confounding would sim-
ply bias the overall results toward the null hypothesis.These differences could also be due to differential treat-
ment of black and nonblack patients within hospitals. Re-
markably, black patients were profoundly less likely to
receive an endovascular repair in this analysis, which has
been shown elsewhere.18 However, this difference in the
utilization of endovascular repairs only accounted for 6% of
the observed mortality differences between black and non-
black patients. Other unmeasured differences in the care of
black patients may be moderating this disparity. Qualitative
methods of research, such as surveys, focus groups, and
mixed-methods, may further elucidate the mechanisms of
these disparities. Using focus groups, researchers have
shown that black patients have misconceptions about can-
cer care and mistrust of the health care system that may
contribute to worse outcomes after cancer diagnosis.19
Similar methods may be instrumental in understanding and
addressing disparities in the diagnosis and treatment of
abdominal aneurysms.
This study has several important limitations. This anal-
ysis relies on Medicare claims data, which provides ade-
quate power to explore the relationship between patient
race, mortality, and the hospital, but only accounts for
patients with end-stage renal disease or those aged 65
years. This age range, however, represents most patients
undergoing an AAA repair, accounting for 70% of all AAA
repairs.10
The Medicare database also provides limited clinical
detail about patient comorbidities and other prognostic
factors. We were able to control for several patient-level
factors, including age, gender, race, comorbidities, and
acuity of surgery (urgent or emergency). More robust
clinical data would improve risk-adjustment and may im-
prove the explanatory power of patient-level factors. Al-
though several large prospective databases with robust clin-
ical data are being collected, including the National
Surgical Quality Improvement Program, none have ade-
quate sample size for the present analyses.
An additional limitation of the analysis is the lack of
patient-level socioeconomic data. Our analysis relies on the
patient ZIP-code level data to estimate the effect of socio-
economic status. However, this is acceptable because the
use of ZIP-code level analyses provides important insight
into the effect of neighborhoods on the acquisition of
health care.
One final limitation is our reliance on perioperative
death as the outcome measure. Other factors, such as the
reintervention rate, are important components of quality of
care but are not available in the Medicare Part A database.
Despite this limitation, it seems conclusive that black pa-
tients have a worse mortality rate after AAA repair.
CONCLUSION
Black patients are more likely to die after an AAA repair.
These differences can be partially explained by differences
in comorbidities, differences in the rate of endovascular
repair, and the socioeconomic status of the neighborhood.
However, this analysis indicates that racial disparities in the
outcomes of AAA repair are also driven by decreased access
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implications of this study are that efforts aimed at improv-
ing these disparities could target improving the existing
hospitals in which black patients receive their care, and that
further efforts would be necessary to improve the referral of
black patients to higher-quality hospitals.
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